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THE EARTH SCIENCE INSTITUTE 

We are pleased to inform our 
readers that there is now in the 
process of being formed an organ- 

ization devoted to the populariza- 

tion and advancement of the earth 
sciences. We hope to present fur- 
ther details in the next issue of 
The Earth Science Digest. It is 
indeed gratifying to note the in- 
creased interest in geologic educa- 
tion in the past few years, and it is 
even more encouraging to know of 
the enthusiastic interest paid to 
this much-needed work by the pro- 
fessional geologists and mineralo- 

gists, many of whom have been 
increasingly active in amateur 
earth science organizations. Per- 
haps we are fast approaching that 
time when geology will gain its 
rightful place among the sciences 

and command the respect and ap- 
preciation, as well as the coopera- 

tion, due it. 

STATE MINERAL SOCIETY OF 

TEXAS — SAN ANTONIO 

APRIL 23, 24 

The State Mineral Society of 
Texas will hold their Annual Miner- 
alogical Show April 23rd and 24th 
in San Antonio, Texas, with the 
Plaza Hotel as headquarters. There 

will be a registration charge of $2. 
per table for exhibits, and those 
persons intending to have displays 
are requested to make reservations 
well in advance so that all neces- 

sary arrangements can be made. 

The annual Battle of Flowers, a 
colorful San Antonio pageant and 
parade, will be held the week of 
April 18th through the 24th, and 
this spectacular pageant is cer- 
tainly worth travelling many miles 
to see. 

For further information, write 
to Mr. J. J. Brown, President of 

the Society, 302 Walton Building, 
Austin, Texas. 

SEDIMENTARY ROCKS 

AND DANA'S MINERALS 

As this issue goes to press, we 
are pleasantly surprised by the 

arrival of two new books: Sedi- 
mentary Rocks by Dr. F. J. Petti- 
john, and Minerals and How ito 

Study Them by Dr. Cornelius S. 
Hurlbut, Jr. Sedimentary Rocks 
may well prove to be a “classic”’ 
among texts. The photomicrogra- 
phy superb 104 outstanding 
photomicrographs appear in the 
book. Minerals and How to Study 
Them, the last edition of which 
appeared in 1895, was considered 

is 

quite out of date by most ama- 
teurs, until Dr. Hurlbut did his 
excellent rewriting of the book. 

teviews of both works will appear 
in the March Earth Science Digest. 

NEW CLUB FORMED 
IN MICHIGAN 

The Northwestern Michigan 

linera] Club was organized on 
December 14, 1948. Mineral col- 
lecting and lapidary work will be 
emphasized. Membership is open to 
anvone in that part of the country. 
“Visitors are always welcome at all 
meetings.’’ Address all correspond- 
ence to the Secretary, Mr. James 
C. Moulton, 341 West Front Street, 
Traverse City, Michigan. 

ATOMS, PLANETS AND STARS 

The second revised 
this unusual wal!l 

cently published. We know of no 
other publication which presents 
the earth scientist with so vast an 
amount of information on the 
earth, its constituents, and the 

lar system, in so small a space. 
This chart published by Mr. 
James Oliver Hogg, Jr. Rm. 

LS40E, 160 N. LaSalle St., Chicago 
1, il. 

edition of 
chart was re- 

is 



THE EARTH SCIENCE DIGEST . 

The Moonscar Upon The Earth 
HARALD KUEHN 

Iserlohn, Westphalia, Germany 

Translation by Wolfgang V Swarzenski, Boston University 

Part One of a Two-Part Article 
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Figure 1. The North Pacific Depression, the deepest indentation of the earth’s crust, showing 
the “‘moonscar’’ (mondnarbe), the strikes of the circum-Pacific faults of the Laurentian Revolution 
(streichen, etc.), and the world’s deepest foci for earthquakes (westrand, ete.). 

The miraculous telescopes and 
precision instruments of our obser- 
vatories have greatly diminished 
the seemingly infinite distances to 
the stars. Particularly the moon, 
our satellite, has come to an almost 
tangible nearness, permitting ob- 
servation by our scientists. 

As we know, the moon has no 
atmosphere. The action of water 
and wind is unknown there. Con- 
sequently, there is no transposition 
of rocks on the moon; there are no 
sediments. Probably there is sur- 
face weathering because of the 
great differences in temperature 
between ‘“‘day” and “night.’’ But 
the debris will remain stationary, 
without any further breaking-up 
processes in depth. Thus the moon’s 
surface corresponds roughly to the 

earth’s magmatic rocks. The color 
of a plane can be determined by 
the relationship between incident 
and reflected light. This ratio, 
called albedo, has been calculated 
for the moon’s surface. The moon’s 
coloring corresponds largely to 
that of quartz porphyry. The lunar 
“seas,”’ comprising the smaller 
part, are still darker; their color 
is that of dark, damp soil. The 
polarization angle of light reflected 
from the surface of these seas has 
been measured and compared to 
that of light reflected from the 
polished surfaces of the earth’s 
voleanic rocks. The figures thus 
obtained indicate that the rocks of 
the moon seas correspond to our 
vitrophyre. 
The results, obtained by the most 



different methods, agree in that 

the moon’s surface consists of a 

dark, glassy, hardened volcanic 
rock, more closely related to our 

glassy liparite and trachyte than to 

our glassy basalt. 

If we assume the surface relief 
of the moon, which closely re- 

sembles in appearance our shield 
volcanoes, to be of magmatic 

origin, further conclusions are 
possible. Without forgetting that 
these forms might possibly be of 
non-volcanic origin, let us first ex- 
amine the possibility of volcanism. 
According to our knowledge, only 
super-heated basaltic magma, in 
its highly liquid state, has reached 

the surface of the earth. Therefore, 
all our shield volcanoes have been 
built by basaltic rocks. The moon 
magma is, as we have ascertained, 

of acid nature. Contrary to those 
of the earth, the shield volcanoes 
of the moon must have been 
formed by acid magma. Because 
f higher temperatures, the moon 
magma must have reached a state 

of fluidity never equaled by the 
earth’s molten material, unde) 

lowel temperature conditions. The 

super-heating of the moon’s acid 
magma, as compared to the earth’s, 
may be explained by linking the 
moon magma to a single, centrally 
located magma reservoir. Terres- 
trial volcanism, however, is prob- 
ably due to many limited magma 
chambers whose concentric depth 
zones correspond to the earth’s 
shells. 

Naturally, the similar composi- 
tion of the earth and moon is also 
expressed by their respective den- 
sities. The average density, 5.51 for 

the earth and 3.35 for the moon, 
does not prove much. The picture 
changes by substituting the densit 
value for the outer-shell of silicates, 
which is 3.83: it is very close to 

that of the moon. 

Having learned about these vari 

ous relationships, we should not 
be astonished at the assumption 

that an early stage existed in 

which one uniform, coherent mass 

comprised the earth and the moon, 
the double planet rotating around 

a common center of gravity, the 

sun. Another hypothesis claims 
that at one time the moon, on its 

yurse through the universe, came 
» close to the earth that it could 

not ires biSL] LiOtil } earth's 

avitational force; hence it re- 
Lined her satellite. However, it is 

as plausible that at 

ie time the moon became sepa- 
ted from a common earth-moon 

least Just 

mass. Of course, because of its 

chemica! composition and density, 
one has to assume that the moon 
originated solely in the earth, 

outer-shell of silicates. 

It has been attempted to deter- 
mine the time at which the moon 

became a factor in the earth’s de- 

velopment. It is generally known 
that the moon, by gravitational 

rees, causes the tides of our 

eans. The moon is not only re- 
ynsible for the tides of our water 

bodies. but ) tO the “tides’”’ 

‘urring on the earths’ solid crust. 
Of course, these latter tides ire 

as those of the 

ceans. At the latitude of Frank- 

furt on the Main, half-daily tidal 
fluctuations have been measured 

on solid ground imounting to 

approximately 1.6 feet. One can 
readily imagine the moon's retard- 
ing influence upon the earth’s rota- 
tion, causing a decrease of. its 

The rotation period has 
thus been increased by one hour in 

300 million years. It is possible 
that in the course of the earth’s 
development its rotation has been 

noi S CONSDICUOUS 

ae 
velocity. 

increased from a possible minimum 

2 hr., 25 min. to today’s 23 hr., 
56 min. 

Besides the moon, the sun also 
influence upon the 

rth, causing tides in simila bile 

exercises hei 
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way. Tides caused by the sun exist 
to-day and have always existed, 
before and concurrently with lunar 

tides. Solar tides, however, are of a 
much smaller amplitude, being 
only !s to 's of that of lunar tides. 

Assuming that the moon was 
split off the earth, this calculation 
can be carried further. The moon, 
in its rotation around the earth, 
covers a distance of 0.648 miles per 
sec. This velocity was transmitted 
to the moon by the earth; con- 
sequently, it must correspond to 
the velocity of a point along the 
earth’s equator (today: 0.289 miles 
per sec.) at the splitting-off time. 
It can be calculated that at that 
time the rotation period of the 
earth was approximately 9 hr., 45 
min. If, at the beginning, the rota- 
tion period had been of the short- 
est possible duration, one must as- 

sume that during the time prior to 
the splitting-off, ‘“‘solar” tides alone 
caused a rotational delay of 9°, 
hours. With the beginning of lunar 
tides, the rotation velocity of the 
earth had to decrease more rapidly. 
Using the present-day value of 
retardation, one finds that the in- 
creased loss of velocity occurred 
approximately 3! billion years 
years ago. The moon probably has 
accompanied the earth since that 

time. 

The value thus obtained has to 

be regarded as a minimum, since 
during the earth’s history this re- 
tardation was interrupted by peri- 
ods of acceleration. At present, i.e. 
since the middle Miocene, the 
earth’s velocity is continuously de- 
creasing. The alternating periods 

of retardation and _ acceleration 
might possibly be manifest in the 
structural and tectonic develop- 
ment of the earth’s crust, as in the 
various tectogenic phases. If the 

moon was split off at all, it must 
have occurred not later than dur- 
ing Archeozoic, more likely during 
early Archeozoic times. 

There must be evidence in the 

history of the earth of the time 
at which the moon gained its influ- 
ence upon the earth, causing more 
intense tides. It is quite under- 
standable that such proof cannot 
be furnished, since we know neither 
fossils nor rocks of the period in 
question which might be suitable 
for an inquiry in this direction. 
Still, an attempt has been made to 
find examples of fauna or flora 
characteristically associated with 
the tides, and these were corre- 
lated to forms in older formations. 
Up to the present time, no practical 
results have been obtained. Proof 
can only be expected from large- 
scale investigations. 

Preliminary reports, however, 
indicate that boring porifera, bor- 
ing molluscs, cap-shelled gastro- 
pods, and other forms which are 
characteristically associated with 
coasts of high tides, have occurred 
in early Paleozoic times. Some 

authors have related the formation 
of marine calcareous and ferrugin- 
ous oolites to the tides. Besides 
large-scale evaporation, tides of a 
magnitude produced only by the 
moon are said to be necessary for 
the formation of these oolites. Up 
to date, investigations have re- 

vealed the presence of oolites in all 
post-Archeozoic formations. They 
were already present in Algonkian 
finds from Transvaal and South 
West Africa. If the formation of 
oolites is connected with the pres- 
ence of strong tides, it must be 

assumed that in the Algonkian 
there were already lunar tides in 
our oceans. Therefore, the conclu- 
sion seems justified that the moon 

has rotated around the earth since 
at least the end of Archeozoic 
times rather than since Paleozoic 
time, as stated in another hypo- 
ihesis. 

A further attempt was made to 
explain the origin of the moon by 

the conglomeration of meteorites. 



One can hardly agree to that, 92‘: 
of all meteorites known on earth 
consist of nickel iron. However, 
we know that the moon is com- 
posed mainly of silicates. It would 
have been a very improbable co- 
incidence indeed, if only stony 
meteorites had combined to form 

the moon! 

How can we visualize this often 
mentioned process of the moon 

splitting off the earth? Pickering 
thought that the tidal movements 
of the earth’s crust would have 

been sufficient, without the neces- 
sity of a special impulse. He be- 

lieved that the common earth- 
moon mass, while hardening, had 
passed through all forms of equili- 
brium to which a rotating fluid is 
subjected, in proper sequence: the 
rotation ellipsoid, the tri-axial 
ellipsoid, and finally, a pear-shaped 
body. The latter body, being un- 
stable, had crumbled the mass of 
its narrow part to become com 

pletely separated, as the moon. 

This, however, is mechanically 
impossible, since the rotational 
momentum of the  earth-moon 

mass was in any case too small to 
create the pear-shaped body at all. 
The latter could have been formed 
only under conditions of a density 
1300 times larger than today’s. 
Had the moon become separated 
from an ellipsoid or pear-shaped 
body without external impulse, its 
size and weight would be different. 

Still, the moon’s density and the 
peculiar ratio of its olivine core 
(Fig. 2) make its splitting off the 

earth probable. This splitting-off 
process, however, cannot be ex- 
plained without the action of ex- 
ternal forces. Quiring assumes that 
this impulse was given by the im- 

pact of a huge meteorite which 
shattered the then relatively thin 
crust, dislocating large masses of 

it. Consequently, a great release 
of pressure upon the magma un- 
der the crust ensued. Gigantic, 

Figure 2 A section 
showing the inferred principal zones and 
their composition 1. Hortonolith (olivine) 
core. 2. Dunite shell 3. Pyroxenite shell. 
4. Sial-Sima crust. 

red-hot magma _ protuberances 
were ejected into space, with a 
velocity of 8.1 to 10.5 miles per 
second. This velocity would be 
sufficient for these masses, under 
centrifugal acceleration, to become 

satellites of the earth. The _ so- 
called separation velocity of the 
earth is 7 miles per second, which 
means that such high initial velo- 
‘ities are necessary for a body to 
leave the earth’s surface and free 
itself of her gravitational forces. 
The sun’s separation velocity is 
fifty times as fast. 

The large meteorite which was 
responsible for the Arizona crater 
might serve as an alluvial, small- 
scale example for the meteorite 

which produced the moon. Accord- 
ing to Quiring the impact occurred 

at a location on the earth’s crust 

which even today shows the 
greatest depression, namely in the 
area of the Pacific Ocean. Picker- 

ing, at an earlier time, also be- 
lieved that the moon was split off 

through the moon, 

from the same area. At the im- 
pact, a mass of the solid crust 

must have been torn off, whose 
area equaled that of Africa (11,- 
600,000 square miles). 

End of Part I 
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Staurolite 

3 

And a7 § Peer .* Georgia 

A. S. FURCRON 
Georgia Department o! 

Staurolite is a well-known min- 
eral in the rocks of the eastern 
states: that is, certain formations 
which cecur in the great area of 
crystalline rocks between New 
England and Alabama. The curious 
tendency of staurolite crystals to 
cross at various angles has created 
much interest in them, not only by 
mineralogists who are interested 
in the study of the development of 
these crystals but by collectors and 
others interested in minerals. 

The names “fairy stones” or 
“fairy crosses” have been applied 
to staurolites for many years, and 
date back to an invented story 
distributed in printed form by 

salesmen, According to this legend, 
tears shed by the fairies at the 
time of the crucifixion turned into 
crosses. The account which I have 
read does not explain how tears 
could correspond to the composi- 
tion of so complex a silicate or 
work their way so deeply into 
fresh solid rock. No explanation 
was offered to account for the 
presence of so many fairies over 

the Wissahickon formation of Vir- 

zinia and the Great Smoky forma- 
tion of Georgia at that time. The 
story, however, created thousands 
of sales, and Dr. T. L. Watson, 
State Geologist of Virginia, was 

once reproved for publicly discred- 
iting it. 

Staurolite is not especially a 
gem mineral but is used more as 
a charm and frequently as a pen- 

Mines, Mining and Geology 

dant. Dr. Richard M. Pearl, in his 
book Popuiar Gemology, states 

that it seems to be the only gem 
besides pearl that is worn in its 
original state, with no treatment 
necessary except drilling so that 
it may be hung on a chain or sus- 
pended from a swivel. 

Chemical and physical properties 

Staurolite is a very complex 
mineral chemically, and we will 
not dwell upon its composition in 
this article. It is usually written 
HFeA1.Si.0,,, but generally is 
more complex because it may con- 

tain other elements. The average 
staurolite crystal, excluding inclu- 
sions, will contain about 30 per 
cent silica (SiO.), 50 per cent 
alumina (A1.O,), 13 per cent fer- 
rous iron (FeO), a small amount 
of magnesia (MgO); also a small 
amount of water of crystallization 
(H.O). Genth states that a stauro- 
lite from near Canton, Georgia, 
contained 7.13 per cent zinc oxide 
(ZnO). Staurolite is infusible ex- 
cept for that variety which con- 
tains an appreciable amount of 
manganese, in which case it fuses 
to a black magnetic glass. 

Its hardness is 7 to 7.5; specific 
gravity 3.4 to 3.8. Its color is 
generally reddish brown to brown- 
ish black, but where the crystals 
are altered on the outside, the 
true hardness and color cannot be 
determined. A considerable amount 

of the fresh staurolite in north 
Georgia is brownish black or 



nearly black in color. The luster 
is glassy to dull glassy, the frac- 
ture is uneven to conchoidal, and 
there is a cleavage parallel to the 
brachypinacoid face. Staurolite is 
pleochroic, thus fresh fragments 
may be distinguished from garnet 
with the dichroscope. 

Crystal form 

Staurolite crystallizes in the 
first class of the orthorhombic 
system, where crystals may be re- 

lated to three axes of unequal 
length, all at right angles to each 
other. The crystal is arranged so 
that the short or brachy axis faces 
the observer. The intermediate 01 
ortho axis extends from left to 

right, and the vertical axis is the 

long axis. 

Several different forms may oc- 

cur and others only twinning 
planes. The three most common 
forms are the prism (110), basal 
pinacoid (001), and brachy pina.- 
coid (010). The macrodome (101) 
is less common and generally not 
completely developed. Crystals 
vary greatly in size from place to 

place, generally tending to be of 

about the same size at individual 
localities. In some places speci- 
mens of large size up to several 
inches in length may be collected. 
Large crystals are more likely t 
be altered on the outside to seri- 

as 

cite. 

Twinning 

This is the most distinctive 

feature of staurolite. The Greek 
cross with both crystals of equal 
length, the cross approximately at 
right angles, is uncommon; but ex- 
cellent specimens can be found 
at several localities. Most crosses 
of this type on the market are 
artificial, and generally the hori- 

zontal crystal shortened, and 
the lower part of the vertical one 
lengthened to form a_ typical 
Roman cross. at about 

IS 

Crosses 

60° angles are abundant, and most 
natural staurolite are of 
this type. 

By far the most abundant type 
is illustrated by No. 2, 

where the two crystals make an- 

gles of approximately 60° and are 

crosses 

yf cross 

twinned on the bipyramid face, 
zZ(232). In a second and much 
less common form (Nos. 4, 6, 7) 
the two crystals are twinned near- 
ly at right angles, twinning plane 
x(032), a brachydome, but the 
cross not rotated completely 

normal to the vertical axis of the 
supplementary crystal. An even 
rarer type, where three crystals 

interpenetiate to form triplets, in- 
volves both twinning planes men- 
tioned above. No. 7 is produced by 
twinning of two crystals similar to 

No. 3 on x(032), but the re-entrant 
angles are unusual. No. 5 is a 
penetration “triplet” of this type 
from the J. EK. Spear property near 
Ball Ground. 

is 

Jut of 1526 crystals collected on 
the 1935 field trip from the Hack- 
ney place near Blue Ridge, Lane 
Mitchell reports 1226 were identi- 
fied as follows: 

776 plain prisms with 
one or two domes 63.3% 

102 twinned at ap- 
proximately 60 

5 twinned at 
right angles 3.0% 

3 multi twins 0.2% 

The people in Patrick County, 
Virginia, have become very profi- 
cient in making artificial crosses 
from a talcose schist that is gray 

in color, and soft and easy to cut. 
They use bands saws fitted in 
modified grooves run by sewing 

machine pulleys for rough-cutting 
the rock, and the cross is finished 

up by hand with files. It is then 
soaked in oil to give it a brown 
color, somewhat resembling staur- 

olite. Dr. Joseph K. Roberts states 
that they even went so far as to 
produce swastikas. 
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Origin 

Perfect staurolite crystals suit- 
able for pendants are not common 

even where the crystals may be 
picked up in great quantities. 
Thus, a very high proportion of 
staurolite pendants sold commer- 
cially are manufactured from some 
other type of rock, and are not 
really staurolite crystals at all. 
Due to its peculiar method of 
growth in certain schists, stauro- 
lite contains numerous inclusions 
of other minerals. These are 

harder or softer than the stauro- 
lite and tend to weather out, leav- 
ing holes in the crystals. In the 
South, staurolite crystals weather 
out of the included schist in many 
places. In New England, where 
the rocks have been glaciated, oc- 
currences of this type are rare, 
but from Virginia southward, 
where weathering has progressed 
for thousands of years, there are 
localities where the crystals may 
be picked up in great quantities. 
In some places these crystals are 
still fresh and _ preserve their 
natural color. At other places they 
show extensive alteration to soft 
sericite, especially on the exterior 
part of the crystal. This is true of 
many localities in Georgia. 

Staurolite occurs in the East in 
a metamorphic schist that was 
once a sedimentary rock. During 
the period of great pressure and 
high temperature, this original 
rock, probably something like a 
shale, was altered to a mica schist. 

After the schist was formed, the 
staurolite crystals grew, and for 
that reason they enclosed other 
minerals of the schist, Staurolite 
is exceedingly abundant in Vir- 
ginia and is widespread in a forma- 
tion known as the Wissahickon 
schist. This schist, with its in- 
cluded staurolite, has been des- 
cribed from Buckingham and Ap- 
pomatox counties, Virginia, by 

Furcron (Virginia Geological Sur- 
vey Bull. 39, “James River Iron 
and Marble Belt, Virginia,’ 1935, 
pp. 31-33). Here the staurolite is 
associated with a mica_ schist 
which contains garnet, biotite, 

muscovite, quartz, chlorite, mag- 
netite, etc. The rocks of this local- 
ity of the state have been re- 
metamorphosed in a shallow zone, 
so that the staurolite and some of 
the other minerals have undergone 
a change known as retrogressive 
metamorphism; that is, the min- 
erals have tended to go back to- 
ward the original composition o! 
the shale. This type of rock is 
technically known as diaphthorite. 
Where this has occurred, only the 
outline of the crystals remain be- 
cause the staurolite is completely 
altered to chlorite, sericite, etc. 

General distribution 

The general distribution of 
staurolite has been mentioned. 

The mineral is collected extensive- 
ly in Virginia. A very excellent 
article on the subject entitled 
“Virginia Staurolites as Gems” by 
Dr. Joseph K. Roberts, of the 
University of Virginia, was pub- 
lished in the AMERICAN MIN- 
ERALOGIST, Vol. 19, No. 11, 
1934, pp. 549-52. In referring to 
the article, Dr. Roberts states that 
“artificial staurolite crosses are 

sold on the market and have been 
for some time, the material used 
being a soft rock which is sawed 
into forms resembling staurolite 
crosses.”’ The natural staurolite 

twins occur in Patrick and Henry 
counties, Virginia; Roberts writes 
that although most textbooks 
on mineralogy mention Patrick 

County, the Henry County locality 
is the best in many respects for 
good collecting. 

This mineral is especially abun- 
dant in the rocks of Virginia and 
Georgia, and probably also in the 
Carolinas. Dana reports numerous 
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occurrences from Maine, New 

Hampshire, Vermont, Massachu- 
setts, Connecticut, New York, 
Pennsylvania, North Carolina, and 
Georgia. In old mineral collections 
you will generally find specimens 
from Switzerland, where the small 
orthorhombic crystal occurs with 
kyanite in “paragonite”’ schist” — 
the schist which looks very much 
like the massive variety of sericite. 

The writer is not familiar with 
the staurolite localities in the Caro- 

linas, although there must be good 
ones in those states. Several years 
ago, Mr. K. H. Teague and the 
writer saw large staurolites sev- 

eral inches long in biotite gneiss 
intruded by hornblende gneiss be- 
tween the Little Tenessee and 
Tuckaseigee rivers 4-5 miles south- 
west of Bryson City; also the same 
or a similar zone on the road to 
Fontana Dam about four miles 
from Bryson City. Undoubtedly, 
staurolite can be collected in North 
Carolina in the Great Smoky for- 
mation near its contact with Nan- 
tahala slate west of the Murphy 
marble belt. This is the geological 
position of the best Georgia locali- 
ties. 

Staurolite in Georgia 

Our staurolite is found in north 
Georgia, principally in Cherokee, 
Pickens, Gilmer and Fannin coun- 
ties. It occurs in the Great Smoky 
formation of Keith, and probably 
also locally in the Valleytown. It 
seems to have a tendency to occur 

in the upper part of the Great 
Smoky formation near the Nan- 

tahala slate. Generally when you 
find it, it is found in certain beds 
which are extremely altered to 
staurolite as well as garnet, and it 
may be traced for considerable dis- 
tance locally. The writer knows of 
at least a dozen localities, espe- 
cially in Cherokee and Fannin 
counties, where these minerals 

may be collected, and some of the 
localities are listed below. 

Ball Ground 

There are numerous occurrences 
of staurolite in Cherokee County 
south and west of Ball Ground 
(see Tate quadrangle). Any de- 
sired amount of staurolite crystals 
can be picked up along the road on 
the east side of Sharp Mountain 
Creek one mile west of Fairview 
Church. To reach this spot, take 
the Fairview Church road west 
1.7 miles north of Ball Ground. 
Keep on the straight road and pass 
the church on the left. A little 
woods road on the left just before 

going down the hill to the creek is 
good collecting ground. Many of 
the crystals are broken, and the 
small ones are the most perfect. 
In general they are fresh, and 
nearly black in color. 

One of the best known collecting 
grounds in the State is on the farm 
of Mr. J. M. Spear, Ball Ground, 
Route 1, on the north side of 
Bluff Creek, 4.5 miles west of Ball 
Ground. Turn left (west) at the 
Bus Station at Ball Ground, keep 
on the main road and ask questions. 
On the Tate quadrangle his place 
is represented by the house 0.6 
miles E. 20 S. of Riverdale School. 
Mr. Spear states that collectors 
have frequented the place since he 
was a “shirt-tail boy,” but the 
supply is inexhaustible. Many fine 
twinned crystals have been taken 
from this locality. At the surface 
many of the crystals have sericite 
on them. A pit of fresh rock here, 
as at some other localities, ought 
to produce very fine fresh hand 
specimens; and it could be done at 
very little cost. 

Near Blue Ridge 

There is a locality in Fannin 
County north of Blue Ridge which 
has been well-known collecting 
ground for many years. To reach 
this property, take the Copper Hill 
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road, turning at the traffic light on 
the Ellijay highway, and go 1.6 
miles north from the railroad 
crossing. Turn left up-hill on a dirt 
road, passing two white houses on 

the left, going 0.8 miles to the left, 
turn on a plantation road in the 
woods; then go 0.3 miles to the 
home of Mr. J. Fred Hackney, 
Blue Ridge, Georgia, who owns 

the property. The best collecting 
ground for staurolite here is in the 
sands of a small creek below Mr. 
Hackney’s house. Crystals were 
secured here for school museum 
sets distributed by the Georgia 
Geological Survey to the schools of 
the State. The property was visited 
by the Georgia Mineral Society on 
its first field trip in June, 1935. 
Specimens in the State Museum 
presented by A. J. Nitzschke of 
Blue Ridge are similar to the types 
found at this locality. 

Collectors should be equipped 
with a pan and shovel in order to 

obtain crystals successfully from 
the placer. This little stream valley 
is also an unworked gold placer, 
and Mr. Hackney has some nice 
specimens of gold which he found 
near the stream. If this placer is 
ever worked, there will be an op- 
portunity to collect a tremendous 
amount of excellent’ staurolite 
crystals. These staurolites are very 
well formed and show practically 
all varieties of twinning; also 
transportation has cleaned them 

up. 

Mineral Bluff 

Practically within the city 
limits of Mineral Bluff there is a 
well-known collecting ground for 
staurolite crystals. To reach this 
place, go through town and take 

the Copper Hill road as far as the 
second road on the right, a gravel 
road beyond the top of the hill. 
Opposite the entrance to this road 
is the house of Mr. E. D. Richards, 
and directly behind his house in 

the cleared land a large number of 

staurolite crystals may be picked 
up in a few minutes. These crystals 
are not twinned as frequently as in 
some localities, some are serici- 
tized, and al] of them include crys- 
tals of garnet. They are more 
abundant and larger than usual; 
thus it is possible here to fill your 
sacks quickly with the large econ- 
omy size. Mr. Richards states that 
they may be picked up along this 
northeast-southwest trend for a 
half mile or more to the southwest. 

Cole’s Crossing 

The best locality for the collec- 
tor and crystallographer thus far 
known to the writer is west of 
Cole’s Crossing in Fannin County, 
Georgia. Taxe the Murphy, N. C., 
road from Mineral Bluff and go 
2.5 miles. Turn left to Cole’s Cross- 

ing. Cross the railroad and go 0.8 
mile to the first cross road. Stauro- 
lite can be collected all along the 
northwest side of the ridge here. 
On tke road just northeast of the 
S. F. Vean house, good specimens 

illustrating most of the known 
forms and varieties of twinning 
can be collected at and near the 
base of the ridge. The percentage 
of twinned crystals appears to be 
higher here than for most other 
localities; also the specimens are 
not sericitized. The matrix at this 
locality is a_ slightly metamor- 
phosed sericite phyllite, and the 
crystals are unusually well formed 
(No. 9). This place, or one nearby, 
supplied crystals described from 
“Mineral Bluff” in Danas’ System 
of Mineralogy. 

Between this locality and Mineral 
Bluff, and on the same side of the 
ridge, there is an old collecting 

ground on the C. S. Ray (deceased) 
place that is regarded as very good, 
but has not been visited by the 
writer. 

(Reprinted from the Georgia Mineral 
Society News Letter.) 
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AMERICAN MOTORS WILL HELP 

TAP ITALIAN UNDERGROUND HOT 

WATER WANTED FOR POWER 

MILAN, Italy, Jan. 4 Underground 

water, near red-hot lava beds not fa 
from this city, is to be tapped with the 
aid of American machinery to obtain 

high-pressure steam to operate turbine 

electric generators. it was revealed here 

An order has already been given to 

the Westinghouse Electric International 

Company for two 300-horsepower mud 
pump motors and one 250-horsepowel! 
draw-works motor for use on the drill- 
ing rigs. 

Engineers calculate that they can 
strike hot water under sufficient pres- 

sure to support a one-inch column a 

mile high. At the surface, owing to 

reduction in pressure, this water will 
turn to steam, which will be piped into 

the turbines. Eight additional drilling 
rigs are to be purchased soon 

PATENTS ON SHALE-OIL LISTED 

FOR SCIENTISTS AND 

INDUSTRIALISTS 

WASHINGTON, Jan. 5—Shale-oil pat- 
ents issued by the U. S. Government, both 

to Americans and others up until 1945, 
are listed, illustrated and described in a 

new publication of the U. S. Bureau of 
Mines. The bulletin will be of particular 
value to scientists. inventors and indus- 

trialists seeking the answer of how to 

get from this mineral the gasoline, fuel 
oil and organic chemicals needed to sup- 

plement petroleum products 
The title of the bulletin is An Index of 

Shale-Oil Patents. It was prepared by 
Dr. Simon Klosky, shale-oil chemist of 

the Bureau's staff. Copies may be ob- 
tained from the Superintendent of Docu- 

ments, Government Printing Office, here 

for 75 cents. It is not available from the 
Bureau. A companion volume of late: 
patents will be ready in about a year 

The study made in compiling this pub- 

lication has one special application to 

Bureau activities. In the Act of Con- 
gress, authorizing the construction and 

operation of demonstration plants to 
produce synthetic liquid fuels, the Secre- 
tary of the Interior is also authorized to 
acquire technical data, inventions 
and other rights and licenses under pat- 
ents granted by this or any other nation. 

RENO AREA EARTHQUAKES 
MAY CONTINUE FOR MONTHS 

WASHINGTON, Jan, 6— That jittery 
area west of Reno, Nev., centering 

around the border between Nevada and 
California, may keep right on shaking 

for months;—or it may already be rid 
of the earthquakes which have been 
going on for more than a week. 

Seismologists explain that the Reno 
area has been getting a pretty normal 
sort of shaking. “The” quake is now 
listed as the big shock last Wednesday. 
Earlier tremors are considered “fore- 

shocks,” and those since as “aftershocks.” 

Generally, the seismologists explain, 
the aftershocks gradually diminish. This 

can take quite a while, however. The 
all-time record for aftershocks, since 
seismologists have been keeping track of 

quakes, followed the tremor at Helena, 
Mont., in 1935. Aftershocks of that quake 
were felt for a full year. 

Earthquake scientists of the U. S. 
Coast and Geodetic Survey here are not 

surprised at the reports of some 150 
shocks in the Reno area. Their records 

show a total of 400 to 500 tremors follow- 

ing the big Dominican Republic quake in 
the Caribbean in 1946. 

The cause of the shaking that the 

California-Nevada region is getting is a 

slipping of rock in the earth. This occurs 
in what earth scientists call a fault. 

Faults occur in some instances at the 

earth’s surface, but most of them are 

several miles beneath the surface. 

AMERICAN MINING PRODUCTION 
HIGH IN 1948, BUT FULL DEMANDS 

WERE NOT MET 

WASHINGTON, Jan. 10 Although 
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1948 production from American mines 
forged ahead of the output of the pre- 

vious year, fu lemand for certain 

metals were not met, partly due to 

domestic postwal! requirements and 
partly due to the rehabilitation needs 
of war-scarred regions abroad. 

The tonnage of minerals, metallic and 
otherwise, mined in 1948 exceeded thal 
of 1947 by about 4%, according to a 
preliminary report just issued by the 

U. S. Bureau of Mines. The _ dollar 
value was 26% higher. Fuels made the 
most impressive gain of any mineral 

group with the value of mineral fuels 

produced increasing some 30%, partly 
a reflection of the record quantity of 

petroleum extracted. 

Steel and aluminum in 1948 surpassed 
the previous year output, but the majo. 
nonferrous metals, copper, zinc and 
lead, lagged behind. Large gains in the 

quantity of bauxite for aluminum mak- 

ing and molybdenum for steel alloys 

were achieved, though both were pro- 

duced at rates a third below 1944 fig- 

ures. Mercury production was exceed- 
ingly low, 40% lower than in 1947 and 
the smallest since 1933. 

Iron and steel production in 1948 was 

the third greatest in history with some 
88,000,000 net tons of ingots and cas 

ings. It would have undoubted]: 
equalled the 1944 peak of 89,600,000 

tons, the report states, except for the 

work stoppage at coal mines in April 

and, with iesser effects, shortages in 

transportation for coke and pig iron 

Labor-management difficulties account 
in part also for the shortages in the 
output of copper, zinc and lead 

The United States was obliged to 

import nearly two-thirds of its bauxite 
needs during the year, but the achieve- 

ment of a peacetime record aluminum 
production was made possible partly by 

a peacetime record output of domestic 
bauxite. Magnesium output was _ inten- 
tionally held low, awaiting wider con- 

sumer acquaintance with the advan- 

tageous properties of this metal. 

Crude petroleum production increased 
8% over 1947, and exceeded 2,000,000,000 

barrels for the first time. Marketed 

production of natural gas_ increased 

10%. Coal production, both bituminous 
and anthracite, decreased, the first some 

5% of the 1947 record output of 631,- 

000,000 tons. The anthracite decrease 

was slight. 

ROCKS SHOW EARTH'S MAGNETIC 

FIELD SAFE FOR 100,000,000 YEARS 

WASHINGTON, Jan. 15 The 
earth’s magnetic field has been pretty 
much the same for at least 100,000,000 

years, a three-man field research team 

from the Carnegie Institution of Wash- 

ington has discovered. They presented 

their evidence in the new issue of the 

Physical Review. 

The three men, O. W rorreson, 

Thomas Murphy and John W. Graham, 

cruised the western part of this coun- 
try last summer in two specially 

equipped laboratory trucks. In various 
localities they carefully cut small blocks 
of sedimentary rock, and tested these 
for the orientation of their minute mag- 

netic fields. 

The rocks thus tested were once loose 

sediment that settled slowly on the bot- 

toms of ancient seas, in geologic ages 
from 100,000,000 to 10,000,000 years ago. 

Any of the particles that happened to 

be of magnetic material naturally ar- 

ranged themselves in line with the 
earth’s magnetic field. But after the 

sediments had compacted and _ slowly 
hardened into stone, the orientation of 

the particles had to remain the same 
even when the earth’s magnetic field 
shifted and it never remains com- 

pletely still. Thus the rocks held the 

history of the magnetic field at the 

time of their first deposition. Correla- 
tion of all field data shows that the 
earth’s magnetic field during the whole 
100,000,000 years has on the average been 
north-and-south, but with cyclic swings 

of 30 or 40 degrees on either side of 
true geographic north. This jibes very 
well with similar determinations previ- 
ously made on much younger geologic 
formations: glacial clay deposits in New 
England, aged between 15,000 and 20,- 

000 years, and million-year-old ocean- 

bottom samples brought up by a core- 
taking gun 

BETTER USES OF COAL AS SOURCE 
OF CHEMICALS EXPECTED FROM 

RESEARCH 

PHILADELPHIA, Jan. 18 Coal 
today is under scientific investigation 

as never before, scientists were told 

here. Fundamental studies are now be- 

ing made in many laboratories to deter- 

mine its possibilities, not only in the 

manufacture of synthetic liquid fuels 

but particularly as a source of the 
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thousands of essential chemicals which 

it can be made to yield. 

Up to now, the nation’s abundant 
petroleum supplies have discouraged 

the study of coal, the American Chemi- 

cal Society was told here by Dr. Ed- 
ward R. Weidlein, director of the Mel- 

lon Institute of Industrial Research, 
Pittsburgh. Far too little fundamental 

reasearch has been done with this key 
mineral. We still do not know what 
coal is chemically, he said, and until we 
have this knowledge we are working 

under handicap. 

Half the world’s known reserve of 
coal is possessed by the United States, 

he stated. This nation has enough to 

meet all requirements for heat, light, 
power and transportation for more than 

1,000 years at the present rate of con- 

sumption. Industrial leaders and tech- 
nical experts believe that a large in- 

dustrial development based on coal is 
in the making, and that a considerable 

expansion in coal production is immin- 
ent.. 

Atomic energy, in time, may replace 

coal for the production of power, he 
continued, but it can not succeed coal 
as a rich source of carbon compounds. 

Chemically speaking, the whole range 

of organic chemicals can be made from 
coal. 

In the past, coal has been the source 

of the so-called aromatic compounds on 
which the dye, drug, and explosives 
industries were founded. Alcohols are 
among the many other substances which 

can be derived from coal. By-product 
ethyl alcohol from two synthetic fuel 
plants now nearing completion will 
equal about one-fifth of the nation’s 

present production from all other 
sources. 

Acetylene from coal can be_ the 
mother substance for hundreds of or- 

ganic chemicals, and the same is true 

for ethylene. Great quantities of free 
hydrogen are released in the usual 
coking of coal, most of which is lost. 
The gas called methane, given off in 

the same process, is now being con- 
verted into valuable liquid products. 
The hydrogen could likewise be saved. 

Wider uses of coal for all purposes 
are foreseen by Dr. Weidlein. The 
petroleum supply picture has changed 
so radically that national security it- 
self depends upon the development of 
new sources of liquid fuels, he declared. 

A World War III would require double 
the fuels of the past conflict. 

RUSSIA'S ATOMIC BOMB PROJECT 
MAY BE LOCATED IN CENTRAL 

ASIA 

WASHINGTON, Jan. 20 Russian 

efforts to build an atomic bomb may 
be concentrated in Central Asia in the 

Tashkent area. This is indicated in a 

survey of Soviet uranium deposits pub- 
lished here. 

“A fair amount of authentic informa- 
tion” on Soviet uranium resources is 

available in this country, declares D. B. 

Shimkin of the Russian Research Cen- 
ter at Harvard University in the jour- 
nal, Science. 

The Soviets have discovered enough 
uranium in the past decade to make it 
possible to develop atomic power in the 
future in Central Asia, Dr. Shimkin 
Says. 

No Soviet uranium deposits are 
known which are as rich as the two 

main sources of the element for Ameri- 

can atomic work, deposits in Canada 
and the Belgian Congo. Dr. Shimkin 
does not discuss the rich Czechoslo- 

vakian uranium ore which Russia is 
believed to be mining behind the iron 
curtain. 

Richest uranium ores known to be 

inside the USSR are in Central Asia. 

“It must be stressed,” Dr. Shimkin 

points out, “that all of the Central Asi- 
atic deposits are found within a radius 
of 250 miles from the important hydro- 
electric plants of the Tashkent area...” 
Latest available figures show that water 
power developments in this area pro- 

duced 882,000,000 kilowatt hours of 
energy in 1943. 

“Labor, transportation and climatic 
conditions are also favorable here,” adds 
Dr. Shimkin. 

The city of Tashkent, with an estim- 

ated population of more than half a 
million, is the capital of the USSR’s 
Uzbek Republic. It is located north of 
Afghanistan and about 800 miles east 

of the Caspian Sea. The area was for- 
merly called Turkestan. 

Best known of the Central Asia uran- 
ium deposits is in the Fergana Valley, 
southeast of Tashkent. Prospecting for 
radioactive minerals in this area began 
in 1900, and expeditions to the region 
were sponsored by the old Imperial 
Academy of Sciences before the Rus- 
sian Revolution. 
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Although fewer studies are known, 
two other areas may be termed prom- 
ising for atomic ore hunting in the 
USSR, Dr. Shimkin reports. These are 
the region in Siberia between the Aldan 

gold fields and Lake Baikal and in 

western Russia in the Ukraine. 

FISH FOSSILS OF CRETACEOUS 

BEING EXCAVATED IN VIRGINIA 

WASHINGTON, Jan. 24 Fossil 
skeletons of freshwater fish have been 
found in a road cut near Haymarket, 

Va,. and are being excavated for the 

Smithsonian Institution by Dr. David H. 
Dunkle. They belong to the upper Cre- 
taceous period, approximately 175,000,- 
OOO years ago. 

Fossils of this type are rare in this 
particular area, though similar ones are 

common in rocks found from Massa- 
chusetts to New Jersey. Related forms 
are also known from Australia and 
South Africa. 

Nearest living relatives are found in 

the relatively primitive fish group 

known as the ganoids, of which the 

gar-pike and bow-fin or freshwater dog- 

fish are best-known representatives 

HAWAIVS MAUNA LOA 
BRINGS FORTH LAVA 
AND TOURISTS, BUT 

NO DEATHS 

RON ROSS 
Science Service Staff Writer 

WASHINGTON, Jan. 15—Relax, and 
don’t waste any sympathy on the Hawai- 
ians who have just had the world’s 

largest mceuntain begin pouring out hot 

lava over their largest island. Unlike 

Vesuvius and other famous volcanoes, 
the eruption of a Hawaiian volcano is 
not a disaster but a rather profitable 

and generally harmless show 

Tourist trade always booms following 
a nice eruption by Mauna Loa or one of 
the other Hawaiian volcanoes, and this 
is no small industry in our statehood- 
ambitious islands. Scientists who risk 
death getting closeups of some volcanic 

eruptions have a safe field day charting 
lava flows in Hawaii. 

No one has ever been killed by the 
eruption of Mauna Loa, despite the fact 

that “long mountain” is the _ biggest 

volcano in the world. 

Not so tall as its twin volcano, Mauna 

Kea, Mauna Loa is actually the largest 

mountain in the world, in total volume. 

Hawaiian eruptions are spectacular 

and violent, but they are not so much so 

as the more dangerous skyward fumings 

of most other active craters. Molten 

lava pours out at a great rate—more 

lava flows from Mauna Loa than any 

other volcano 

But there are none of the dangerous 

showers of ash, stones and hot mud 

which make most erupting volcanoes a 

pretty nazardous spot for sightseeing. 
So closely studied are the Hawaiian 

craters that volcanologists usually can 

predict an eruption. Dr. T. A. Jaggar ol 

the University of Hawaii has even work- 
ed out a cycle for forecasting Mauna 
Loa’s frequent outbursts 

Officials of the U. S. National Park 

Service here said this eruption came as 

a surprise. The Hawaiian volcanoes 
have been ea national park since 1916. 

To predict eruptions, scientists use two 

different methods. One is a tilt mea- 

surement, made with a plumb _ bob 

suspended over a calibrated scale. When 
a sharn tilt is noted toward the center 

of the crater, it means that the volcano 
is falling away a bit 3ut when a sharp 

tilt is noted outward, pressure is rising 

in the crater and an eruption may be 
forthcoming. 

Seismographs which register earth- 
quakes also tip off most eruptions of the 
crater. Relatively large numbers of 
small shocks around Mauna Loa are re- 
corded most of the time. When these 
become more intense, it generally in- 

dicates that lava soon may pour forth 
again 

Between the tilt and tremor calcula- 
tions, scientists can usually let the world 
know sometime ahead of an eruption 

that the big mountain will be active 

soon. 

Main danger from Mauna Loa is that 
lava flows may hit villages on the island 

or its main city, Hilo. But this can now 
be averted by bombings which are used 
to break up the channels formed by the 
molten lava 

A few relatively small bombs have 
successfully diverted the flow from Hilo 
before. This, incidentally, does not mean 
that bombs can set off a peaceful vol- 
cano, a tactic suggested during World 

War II. 



THE EARTH SCIENCE DIGEST 17 

THE BRYCE CANYON 
NATIONAL PARK 

ROGER L. SPITZNAS 
University of Missouri 

—Photo by Roger L. Spitznas 

Figure 1. The Hindu Temples, Bryce Canyon, showing the control in erosion as exerted 

by joints and alternating harder and softer beds of material. 

To the park visitor who sees 
Bryce Canyon for the first time, 
the colorful Pink Cliffs formation 
(Wasatch) is a striking fairyland 
of erosion forms nestled in bow] 
shaped amphitheaters below him. 
Entry to the park is gained by a 
surfaced road through a canyon 
eroded into the western edge of the 
Paunsaugunt (Pawn-sa-gunt) Pla- 

teau. Red Canyon is a small though 
impressive preview of what awaits 
the visitor after his trip across the 
flat top of the plateau to the rim of 
the canyon. 

The great impact of the first 
view of the erosion forms is aided 
and heightened by the suddenness 
with which the visitor comes upon 
the scene. The trip across the pla- 
teau top from Red Canyon offers 
no clue of what awaits the visitor; 
in fact, the canyon is so hidden 
below the rim of the plateau that 
it is a common experience for visi- 
tors to inquire at park headquar- 
ters as to the whereabouts of the 
canyon. 

A complete coverage of the geo- 
logic history of the park region is 
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of such proportions as to require 
a monograph or professional paper 
and is not practical here. Informa- 
tion relating only most closely will 
be given herein. 

The High Plateaus, including the 
Paunsaugunt with Bryce Canyon, 
are part of the Colorado Plateaus 
Province; therefore, there is a close 
relationship between the Paunsau- 
gunt and Markagunt plateaus and 
the Grand Canyon of the Colorado 
region. Physiographically these 
units are related, and their past 
history is so interlocked that their 
separation would be a major error. 

Of the five major divisions of 
geologic time, hereafter called 
Chapters, the first three (Archeo- 
zoic, Proterozoic, and Paleozoic) 
are represented in the rocks ex- 

posed within the Grand Canyon. 
Northward there is the Zion Can- 
yon region where the rocks of 
Chapter Four (Mesozoic) are ex- 
posed in terraces and canyons. At 
Bryce Canyon are the rocks of 
Chapter Five (Cenozoic). This fifth 
chapter is the last chapter of the 
earth’s history, and we may con- 
sider ourselves as living in the 
most recent part of this chapter 
which began fifty-five to sixty mil- 
lion years ago. 

At the end of Chapter Four the 
Rocky Mountains and their related 
uplands were built from lands that 
had previously been near or below 
sea level. There followed a long 
period in which the elevated lands 
were greatly reduced by erosion. 
Following this long erosional period 
a large fresh-water lake, or series 

of lakes, spread over much of the 
states of Wyoming, Colorado, and 
Utah. Into this lake, or lakes, was 
brought a large amount of mate- 

rial that was deposited to form 
what is now the Pink Cliffs forma- 

tion (Wasatch — Eocene?). Follow- 

ing the deposition of the Pink 
Cliffs formation in southern Utah, 
another formation, the Brian Head, 
which contains materials from vol- 

canic activity was deposited. The 
age of the Brian Head is assigned 
to the middle of Chapter Five 
(Miocene?). 

At a time following the deposi- 
tion of the Brian Head formation 
there occurred differential uplift- 
ing of the lands in and around the 
High Plateau country. As a part 
of this uplifting of the lands, great 
cracks (faults) developed in the 
earth’s crust, and the lands on the 
eastern sides of these cracks were 

uplifted above the lands on the 
western sides by as much as three 
to six thousand feet. Thus, we have 
something that resembles a gigan- 

tic stairway rising progressively 
from west to east through south- 
ern Utah. It is into the first of the 

three steps that Zion Canyon has 
been cut by the Virgin River. Into 

the second of these steps Bryce 
Canyon has been and is being cut 
by the erosive forces of Nature. 

The third of these giant steps, the 
Aquarious Plateau, is visible in the 
northeast from the rim of Bryce. 

Concurrent with the formation 
of the big cracks (faults) many 
smaller cracks without displace- 
ment (joints) developed in re- 
sponse to the movement of the 
land, and these joints are disposed 

at high angles to each other, thus 

intersecting. These minor cracks, 
too, are important in the develop- 
ment of what is now seen in Bryce 
Canyon. 

During the following uplift of 
the land, the erosive power of 
rains and melting snows’ was 

strongly active, and the higher 
lands to the east of Bryce were 
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Figure 2. (Modified from Gregory) 

A. Following the filling of the fresh-water 
lake, or lakes, there occured a period of 
slight erosion during which a stream pattern 
developed with drainage to the north. Relief 
was low, and the stream was sluggish 
throughout its length. 

B. After the initial movement along the 
Paunsaugunt fault had taken place, the up- 
thrown block was eaten into by the erosive 

agents, water, frost, and melting snow. At 
this period the drainage was still to the 
north through the ancestral Sevier River. The 
Pink Cilffs formation (Wasatch) and the 
younger Brian Head have been eroded back 
from the fault line forming a faultline scarp 
which is greatly crenulated. 

Cc. As the erosion of the plateau lands to 
the east progressed, a new | mee wel pattern 
(the present Paria River) began eating into 
the southern portion of the eastern plateau. 
Thus, an amphitheater, the Paria amphi- 
theater, began its life. Also, it was at this 
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time that the western plateau land, the Paun- 
saugun Plateau, was exposed along its 
eastern margin. 

D. By now the Paria river has become a 
major drainage channel for the area, and 
having a greater gradient than the Sevier 
river, the Paria actively cut a huge amphi- 
theater about twenty-five miles across and 
fifty to seventy miles long. As the amphi- 
theater formed, the Paria captured much of 
the drainage area which had in the past 
contributed to the flow of the Sevier river. 
It is in this stage that we now find Bryc« 
Canyon. The fuure will doubtless bring con- 
tinuence of the removal of the Pink Cliff and 
Brian Head formations from the Paunsau- 
gunt Plateau on the west with an ultimate 
reduction of the plateau to, or near, the 
level which the Paria River may make for 
itself. 
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subjected to much erosion (see 
figure 2). As the work of the 
waters continued, a bowl-shaped 
area was excavated by the rain 
and melting snow as they went 
toward a common channel, the 
present Paria River. As_ time 
passed and erosion continued, the 
present form of Bryce Canyon was 
created. This work has required an 
estimated thirteen million years. 

Following the definition of a true 
canyon, Bryce Canyon is a mis- 

nomer, for the park area is not a 
canyon but rather a series of about 
fifteen bowl shaped amphitheaters 
in which parts of the rock have 
been left standing in odd forms 
while other parts were worn away 
by the action of frost, rain, and 
melting snow. The Indians had a 
more correct name for the area, 
the land of “‘red rocks standing like 
men in bowl-shaped canyon.”’ 

The rocks in Bryce Canyon are, 
for the most part, soft lime rocks 
though sand is present in some 
beds and clay material is present 
in others. A few beds of rock made 

up of pebbles cemented together 
by lime are present in the lower 
and the upper parts of the rock 
series, and these pebbly beds do 
offer some control in the removal 

of the rock by erosive agents. If 
the rocks within the area were of 
only one color, the region would 
not be nearly so attractive as it is. 
This coloration of the rocks in 
Bryce is brought about by two 
iron oxide minerals. The yel- 
lows, tans, and browns come from 
a hydrous iron oxide, limonite 
(Fe.O,.3H,O), while the reds and 
pinks come from another oxide of 

iron, hematite (Fe.O,). There are 
also beds of pure or nearly pure 
white lime rock between and 
among the colored beds, and this 
variation causes much of the 
beauty of the park. Besides the 

—Photo by Roger L. Spitznas 

Figure 3. A castle view along the Fairy- 

land trail, Bryce Canyon. The rock is the 

Pink Cliff formation, highly eroded _ into 

many strange forms. 

presence of the pure colors as de- 
scribed above, there is an interest- 
ing intermingling of these colors to 
form a mottled affect which viewed 
from a distance takes color from 
all of the pure colors and blends 
them into something beautifully 
different. 

The colors of the rocks in Bryce 
are not constant at all times as 
even the time of day with the dif- 
ferent angles at which the light 
strikes the rocks appears to change 
their color. Also, the colors take on 
denser hues following showers, and 
all colors stand out more vividly. 

The erosion forms in the amphi- 
theaters are varied in size and 
shape to such a degree as to seem- 
ingly defy imagination and con- 
struction. 

The forms that are now seen in 
Bryce Canyon were not always 
there, and they will not always 
remain. Each of the forms has its 
birth as the rim of the plateau is 
eaten into by the action of the 
rains, frosts, and melting snows. 
There are first block-like masses 
remaining after the retreat of the 
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rim, and these large blocks later 
are cut into individual forms as 
erosion continues. The last part of 
the life of these forms is spent as 
rounded mounds of rock before 
‘hey are completely removed by 
erosion. Thus, the forms are never 
static but are changing with every 

rain, snow, and the almost nightly 
frosts. However, this change is so 
slow that in one man’s lifetime 
little or no change can be seen. It 
is quite certain that there have 
been no major changes in the 

forms since the first white men 
saw the park area in the 1850’s. It 
has been estimated that only two 
to three inches of material are re- 
moved from the forms in five to 
six hundred years which is indeed 
very slow by human standards. 

The retreat of the rim of the 
plateau is estimated to be about 
one foot in fifty years which is con- 
siderably faster than the destruc- 
tion of the forms bv erosion. This 
would have to be the case, or no 
forms would be present in the can- 

yon. The rate of retreat of the rim 
is relatively rapid even by human 
standards, and this retreat can be 
measured by the removal of mate- 
ria] from around the roots of trees 
that live along the rim. There are 
many examples to be found along 
the rim where trees that in all 
certainty had their roots in solid 
ground are now standing with 

their roots bare. As the rim re- 
treats, their roots are exposed, 
proving beyond doubt that the rim 
does actively retreat. Also, some 
measure of the rate of retreat can 
be made from the exposure of 
these tree roots. 

Beyond the controls already 
mentioned is that control exerted 
by the presence of relatively 
harder beds in the sequence of 
rocks exposed here at Bryce. These 
harder beds serve to break the 

force of the rains that fal] into the 
area and thus save the softer mate- 
rial from the full scale erosion that 
otherwise would remove the softer 
material at a much faster rate. 
These protective caps of harder 
rock are seen on rnost of the major 
forms, and their presence can not 
be over rated as a control in the 
development of the forms. If and 
when one of these protective caps 
is removed by erosion, the form 
will erode rapidly until another 
hard layer is reached and a new 
cap formed, or the form may pass 
into a degenerate mound if there 
is no remaining hard rock to form 
a new, though temporary, capping. 
Some forms may thus pass through 
several periods of decapitation as 
they age and are modeled and re- 
modeled by erosion. These harder 
beds also help to enhance the 
beauty of the area. The resistant 
beds are intermittently scattered 
through the rock section and are 
separated by less resistant or softer 
beds. The softer beds are eroded 
away at a faster rate than are the 
harder beds, and the forms take on 
a fluted form just as though they 
had been turned on a giant lathe. 

It is certain that the future will 
bring many changes to Bryce Can- 
yon, and these changes will con- 
tinue to be slow, though effective, 
over periods of millions of years. 
Just what will be the ending of the 
geologic story is beyond all pos- 
sible prediction except to say that 
its true end will not come until the 
end of the earth, if such should 
ever come about. No person, place, 
or thing is free of the change 
wrought by Time and Nature as 
they proceed toward some un- 
known zenith, and Bryce Canyon 
National Park is but one of the 
many beauty spots created for our 
benefit, enjoyment, and wonder- 
ment in this seemingly endless 
march. 
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HISTORICAL GEOLOGY 

HISTORICAL GEOLOGY — by 
Carl O. Dunbar. 1949. 567 pp. 380 
illus; $5.00. The eagerly awaited 
fourth edition of the Schuchert-Dunbar 
volume Historical Geology was re- 
leased last month. No doubt the most 
striking thing about the new work is the 
complete revision of the illlustrations. 
About one-third of them are new and 
many others have been redrawn. Of 
particular merit are the new enlarged 
paleographic maps, which mask those 
areas which had been based entirely 
on inference by clouds, leaving no 
doubt as to the accuracy of the re- 
maining portions. Among other things, 
the Geologic Time Chart has been 
redrawn, affording the student a 
clearer view of the biologic relation- 
ships of life. 

The emphasis is upon the under- 
standing of principles and conceptions 
rather than the memorization of 
paleontological and __ stratigraphical 
data. The aims and scope of the book 
perhaps might be best explained by 
the author himself: 

"The history of the Earth is no drab 
roll call of the dead, but a drama in 
which the actors are real, live creatures 
and the stage the whole broad surface 
of our planet! The student must sense 
the action and feel the essence of high 
adventure in this 'March of Time,' as 
shifting scenes unfold and living actors 
cross the stage. 

"This viewpoint has controlled both 
the arrangement and the treatment or 
subject matter in this volume. No 
extraneous material has been allowed 
to break its continuity, from the fiery 
birth of the planet to the unfolding of 
our modern world. 

“Believing it more important for the 
student to learn HOW a geologist 
thinks about the earth than WHAT he 

Calculations 
of all kinds can be 

easily solved on the 

Binary Circular 

SLIDE RULE 

C scale is 25 inches 
\“/ long Has CI, A, K 
oY Log, LLI. LL2, LL3 

LL4. Binar Add & 
Subtract Scales. Gi s 
Trig. funct s from 0 
t 0) degrees t 1 

Minute Engine-Divided Scales are o1 
white coated aluminun Permanentl ac 
curate Dia. 8%, Price $7.25 i ase with 
instructions Write for illustrated ircu 
lar Mone back guarantee Approved at 

leading Universities 

GILSON SLIDE RULE CoO., 

Box 993E, Stuart, Florida 
Slide Rule Makers since 1915 

BACK ISSUES OF 
The Earth Science Digest 

The following back issue s of the 
Earth Science Digest are now available 
Oct 1946 $0.50 De« 1947 $0.30 

Nov. 1946 0.30 March 1948 . 0.35 
De« 1946 0.50 April 1948 0.25 
Jar 1947 0.30 Ma 1948 0,25 

Felt 1947 0.30 Tur 1948 (), 25 

1 1947 0. 3f Jul 1948 0.25 
May 1947 0.30 \ug 1948 0.25 
Ju 1947 30 Oct 148 0.25 

July 1947 0.30 N 1948 0). 25 

Aug. 194 0.30 De 148 0.25 
N 1947 0.30 Jar 1949 0.25 

The Earth Science Digest 
Revere, Mass. 

FREE CATALOGUES 
On RARE OUT-OF-PRINT AND IN- 
PRINT BOOKS on the Sciences and 
general fields of literature. Send for your 
copy today. I also search for hard to find 
books. Send your WANT LIST. 

KARL A. SAHLSTEN 
PLAISTOW, NEW HAMPSHIRE 

mt Ma a TT TT ~~.  ™! 

Tr ¥ ’ . . ’ 

New Second Edition! 
Handbook of Uranium 

Minerals 
by DeMent and Dake 

Enlarged and completely revised, 
it includes all new data and re- 

ports. Describes in detail prospect- 
ing methods, use of field and lab- 

oratory instruments and tests. The 
use of the Geig counter for 

field work Is stressed Describes 

all known uranium minerals 
$2.00 

Write to: THE BOOK SHELF, 

THE EARTH SCIENCE DIGEST, 

REVERE, MASS. 

i i i i ee mm + Me “a TM TM 

eM Me 



THE EARTH SCIENCE DIGEST 

thinks about any particular detail, we 
have taken pains to explain principles 
of interpretation rather than to cata- 
logue facts about the history of the 
Earth, appealing thus to understanding 
rather than to memory.'"—From the 
Preface. 

A selected list of collateral reading 
is available to the student at the end 
of each chapter, concentrated mainly 
upon non-technical and semi-technical 
works for the beginner who wishes to 
do further reading in a_ particular 
subject. 

This book is especially recommended 
for a one-term course in_ historical 
geology, or as required reading for 
the earth science enthusiast, for it 
presents the history of the earth and 
its inhabitants in a comprehensive yet 
clear and envigorating manner. John 
Wiley & Sons, Inc., New York, N. Y. 

—J. M. E. 

REGIONAL PUBLICATIONS 
UNITED STATES 

California 
THE MOTHER LODE COUNTRY 

(Centennial Edition). GEOLOGIC 
GUIDEBOOK ALONG HIGHWAY 49 
—SIERRAN GOLD BELT (Bulletin 141, 
Calif. State Division of Mines) — Pre- 
pared under the direction of Olaf P. 
Jenkins. 1948. 164 pp., 2 pls., 235 figs., 
10 maps.; $1.00. Seldom has a work 
of such historic importance been pub- 
lished by our state surveys. Dr. Jenkins 
and his associates have produced a 
masterful guide to the Mother Lode 
country, interpreting the mineralogical 
and geological features of the region 
in semi-technical fashion, and mixing 
it well with the fascinating mining 
history of the area. It is the first of 
a series of guidebooks covering routes 
of particular geological, scenic, and 
historical interest. 

The book is profusely illustrated with 
excellent photographs, concentrated 
particularly upon the building struc- 
tures of the gold belt from 1848 to 
1870. A_ series of geologic maps 
covers the entire length of Highway 
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49. Two color plates show eight views 
of the region. California State Divi- 
sion of Mines, Ferry Building, San 
Francisco |1, Calif. 

GEOLOGY OF THE TESLA QUA- 
DRANGLE, CALIFORNIA (Bulletin 
140, Calif. State Division of Mines) — 
by Arthur S. Huey. 1948. 76 pp., II 
pis., 3 figs.; paper-bound, $1.50; cloth- 
bound, $2.25. This report, fourth in a 
series of quadrangle maps and reports 
now being issued by the Division of 
Mines, presents a comprehensive pic- 
ture of the geography, stratigraphy, 
and structure of the quadrangle, as 
well as the economic mineral resources. 
Many typical features of the California 
Coast Ranges are described. Cali- 
fornia State Division of Mines, Ferry 
Building, San Francisco !1, Calif. 

Kansas 

UPPER CAMBRIAN AND LOWER 
ORDOVICIAN ROCKS IN KANSAS 
(Bulletin 72, State Geological Survey 
of Kansas) — by Raymond P. Keroher 
and Jewell J. Kirby. 1948. 140 pp., 
6 pls., 13 figs.; $0.25. This work was 
undertaken by the survey due to the 
increasing desire for a more complete 
knowledge of the older Paleozoic 
rocks of midcontinental North America, 
particularly by petroleum geologists. 
Concerned primarily with the deter- 
mination of the character, thickness, 
stratigraphic sequence, and distribu- 
tion of the Upper Cambrian and 
Lower Ordovician zones, it is based 
on the examination of well cuttings 
and cores. State Geological Survey 
of Kansas, Lawrence, Kansas. 

KANSAS ROCKS AND MINERALS 
— by Laura Lu Tolsted and Ada 
Swineford. 1948. 56 p.., 30 figs.; 
$0.05. ‘The purpose of this booklet is 
to summarize, as far as possible in 

nontechnical terms, the various kinds 
of rocks and minerals found in Kansas 

and to describe them so that the 
student, the amateur collector, the boy 
or girl scout, and other interested per- 
sons can identify them." This is an 
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elementary guide to the more im- 
portant minerals of the State, describ- sexas Cretaceous Fossils 
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Department of Mines and Resources, a pr Hewettite, ( odazzite, 
Gitee Cannde Q@uisqueite, Stolzite, Topaz, 

' ‘ Lawsonite, Patronite, Pascoite, 
Cerargyrite, Cornetite, Curtisite, 

Quebec Paravauxite, Tennantite, Triplite, 
Fluorescent Calcites, et« 

PRELIMINARY REPORT (No. 216) 
ON HEBECOURT LAKE MAP-AREA, 
ABITIBI-WEST COUNTY (Quebec) — 
by R. Bruce Graham. 1948. 26 pp., BURMINCO 
| map. Several promising deposits of 
gold and of base metals are known to 
occur in this area, consisting mainly of 
Precambrian rocks. 

PRELIMINARY REPORT (No. 217) IOWA UNDER THE SEA 

Then write for our free, con- 
tinuously up-to-date catalog. 

128 Ss. Encinitas Monrovia, Calif. 

Open 9 A.M. to 9 P.M. Closed Tuesdays J 

ON WASWANIPI LAKE AREA (WEST Prehistoric sea fossils as we _ take 

HALF), ABITIBI-EAST COUNTY (Que- them from the prairie clay hills of 
bec) — by Jacques Claveau. 1948. lowa. . 
16 pp., | map. Most of the rocks in " ago lle yg ge — 
this area are granites of various types. GLENN MICHELL, 

Rocks of sedimentary and of volcanic ROCKFORD, FLOYD CO., IOWA 
origin, however, occupy sections of the 
southern and northern parts of the = 
area. 

PRELIMINARY REPORT (No. 218) 
ON GOELAND LAKE AREA, ABITIBI- 
EAST COUNTY (Quebec) — by P. E. 
Imbault. 1948. 12 pp., | map. Clayey 
sand and gravel covers most of the 
area, and rock exposures are relatively 
scarce. Shear zones in the volcanic 
and sedimentary rocks, occurring in the 
southern half of the map-area, warrant | é; 
the attention of any prospectors who Minerals and Gems 
might be in this area. When you are in Watsonville stop in 

and see our display. We have and 
, a fine collection of mineral specimens 

The above reports may be obtained stones, and cutting and polishing ma- | 
by addressing a request to the Depart- ~ @ietl erdere prometir { 
ment of Mines of the Province of A. L. JARVIS 

: ‘Idi Rt. 2, Box 350 Quebec, Parliament Buildings, Quebec, WATSONVILLE CALRFORNIA 

Canada. 
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4 Earth Sciences, natural history, 2 } 

2 adventure, exploration, research. ; Announcing 

§ Participate by ma n activi 

P4 of amateur science yacht Get 2 AT | 

y prospectus 10c 2 Al ! 

; “SAILBOAT” 3 § SAILDY: 5 
5 Box 413, Alameda, California. : Send for the new MINERALS 

SPRODDOLOOLREDDOEODDLDEDLELOCDDODCL ODD UNLIMITED catalog — a com- 
prehensive listing of hundreds of 

PANNING GOLD Rock hounds select mineral specimens, includ- 
and hill climbers, you should know ing fluorescent minerals, faceting 
how to pan gold and where to look and cabochon materials, and ore 

for it. Free panning instructions minerals. 

and catalogue pplies FREE. Old 

Prospector, B-202. Dutch Flat, Calif. This catalog is in loose leaf form, 
enabling you to slip in new pages, 
as they arrive. 

Minerals Unlimited 
Scott J. Williams 

David B. Grigsby 

*PLI PLL LLLLLLLLLLLLLLLO LLL EL OLL LL La 

Ladies Silver Rings, $2 to $5 

idarists and Mfrs f Agate Jewelry 1724 University Avenue 

Berkeley 3, California 1001 Englewood Ave., St. Paul 4, Minn. 

SPEED ELELLLLLLELLELLLL LDS 

7 
Han 

= THE MULTICRAFT SHOP 

? 
PFHLIPLLLLELLLLLLLOELELELLOELLL LOL LD Ls 

SO SS 
*, ue 

é RUTILE— THE GEM OF THE HOUR $ 
2 Rutile is a reality. RUTILE IS THE MOST AMAZING GEM KNOWN. It @ 
~ has a much higher refractive index than Diamond. In the sunlight sparks ~* 
®% of refractive fire are thrown out by every facet. It displays all the colors @ 
4 of the rainbow in a dazzling play of color. . 
¢ § 
7 IT MU ST BE SEEN TO BE APPRECIATED ‘ 
. Nothing has created such intense interest and excitement as the showing of “ 

@ these gems. A recent issue of The Saturday Evening Post gave them a * 
™ prominent write-up. Cut gems are now actually in stock and available for g 

es immediate deli ° 
% 7 

° ROUND BRILLIANT CUT GEMS ARE PRICED AT: es 
* '» to % carat gems at $12.50 per stone ve 

~) 1 carat gems at $15.00 per stone Ps 
od 1's to 2's carat gems at $12.50 per carat g 
c 3 carat and larger gems at $10.00 per carat . 
. 

te 

: Add 20% Federal Excise Tax and California Sales Tax to above prices ad 

™ PRICES ON ROUGH BOULES, BOULE SECTIONS and PREFORMS « 

ON — DEALERS INQUIRIES SOLICITED ‘ 

Se 
x +, G1 “ieger'’s 1633 E. Walnut Street Pasadena 4, California 

a <a Ser . 
VS eS @&] 3 o OE. SOE. SE SO I I I. I. 

* 



URANIUM ORE SPECIMENS 
CARNOTITE, ; potas. 
sium uranium vanadate. 

54 Uranium 
may be 

Geiger Counters, 

Electroscopes, Radioscopes, ete. 

They are ideal for a comparative 
collection. AUTORADIOGRAPHS 
may be obtained with these speci- 
ment; that is, they “take their 
own photos”. ‘ 1 

$2.00 
$3.50 
equest 

COMMIS 
t 

Carnotite contains 

Oxide. These specimens 

used for testing 

1” x 1” Specimen 

214” x 2” Specimen 

2” x 314” Specimen 
(Approx. 1 Ib.) 

Larger pieces, | eS 

(THE ATOMIC ENERGY 
SION limits the sale of ca 
pound t 

PLEASE NOTE THAT CARNO- 
TITE IS PROHIBITED FROM 
THE U. S. MAILS AND MUST 
BE SHIPPED VIA EXPRESS. 

JUST PUBLISHED! 
The Second Edition of 

HANDBOOK OF 

URANIUM MINERALS 
by Dement & Dake. 

An exposition and catalog of the 
Uranium and Thorium minerals, 
including their occurrence, detec- 
tion, location and _ exploration. 

Price $2.00 

For Only $5 00 
WE WILL SEND YOU: 

1. A 2” x 3815” Specimen of 
CARNOTITE. 

2. HANDBOOK 
MINERALS. 
Please include 20c postage. 

OF URANIUM 

For specimens, gen ttir ad i A brie. 

stones, 

ma- 

terial ipidary work 

etc., write us for prices 

THE COLORADO GEM CO. 
DEPT. E 

Eddie & Doris Neuenschwander 
Gem Village Bayfield, Colorado 

Jewelry Craftsmen! ! 
Unusual Semi-Precious Stones 

at Incredibly Low Prices 

Tiger Eye excellent quality, shal- 

low cabs 3/16 ! 

$1.25 per dozen while they last 
Quartz Topaz pale tawr rightly 

polished cabs. 3/16 to 1 

35c each 

Fine Carnelian Cameos scarce 

Gladiato1 ead, wel irved x 54 

(16x12 mm.) $2.75 each 

$30.00 per doz. 
Sardonyx r, we polished 

square stones, 5/16 25e each 
Amethyst eautifull eted, | 

$1.75 each; 6 for $10.00 

faceted Citrines dark 

val, 5/16 $2.50 each 

een 1 

Brilliantly 
golder 

Genuine Emeralds 

subtle ind attractiy ra nd ova 

1, to 5/16 $3.50 each 

Matrix-Opal Rough ieces 1” to 

1%” earthy stone showing Ots 
or vein yf opa 3 for $2.00 

Unpolished Red or White Coral — 
twig-like lengths 1 to 3 
to -_ 50c each 

introductory Assortment 

1 of each above $13.00 

2 of each above $25.00 

SAM KRAMER 
DEPT D., 29 W. 8th ST., 

NEW YORK I11, N. Y. 

Send for our price list of 
‘Dependable Lapidary Equipment’ 

p ete (id 7, 

Go RDONS 
GEM & MINERAL SUPPLIES 

1850 E. Pacific Coast Hwy. 

Long Beach 6, Calif. 

Phone 7-3856 

AUSTRALIAN OPAL 
The cutting f Australia Opal i! 

¥ ; LL } , specia We have il 3 ra 

. 10. tax 

ACE LAPIDARY CO 
P.O. Box 67 Jamaica, New York 
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- - IMPORTED GEM ROUGH 

Michi an Preform GOLDEN TOPAZ: (Precious) from 
! Brazil Crystal fragments of excel 

lent color for fine faceted gems 

S$ ecial Pieces range in weight from 1 to 
p 3% gems. each. $6.75 per gram 

, TOURMALINE: from Brazil. The rich 
wi ur yur cabochon col- vibrant green that is only found i: 

ion t ! id thing from tourmaline for cutting brilliant 

M — rood faceted gems, flawless, of fine color 

nied . 5 sa BM In crystals % to 1% inches long and 
’ t t t ylectior t of an inch in diameter. $1.50 

S Sizes vary per gn 

¢ inte to be i OPAL: from Australia Fine trans 
; parent, with plenty red, green, gold 

mn and blue fine Will cut fine stones. 
$25.00 per ounce 

? Keweenaw agates SODALITE: from Canada Deep blue 
. lapidar quality Highly fluorescent 

| Isle Royale chlorastrolite and makes richly colored cabochons 
. $1.6 ver Ib 

| Keweenaw thomsonite my eaten ' 
- ) nev cataiog 18 A reaqd\ or 

| Keweenaw jasper (a new mate- distribution, The following items are 
° ° . rcludes 
rial—light green with brown) y oy ‘ — 

| Petoskey Stone. Slabs and blanks 

‘ Ring mountings 14K gold and 
All for only $3.85 postpaid. silver 

Cut £ S 

B ks 

Lapidar supplies and equipment 
SEND FOR I! IT’S FREE 
ALL PRICES F.O.B. N.Y.C. 

satisfaction Guaranteed 
Money Refunded 

Technicraf Lionel Day-Technicraft 
LAPIDARIES CORPORATION 

3560 BROADWAY 

BES VIOLET L. LUOMA NEW YORK 31, N. Y. 

- ~ ~ ~™s ADR ~ A TA TA. AWD ~ ~> *» ~ ~~ ~ Dr WD 

y . 7 7 

© The Silver Mine = % 
é y 

4 908 N. Ave. 5A Los Angeles 42, 6 
4 Dept. A California G 

° pecialize Minerals thers ‘ 

; aa in Gems or Handmade Jewel: 6 

_ ev ORAL ' . = . ( 
The GEM “EXCHANGE # = <3. o>: We Specialize in G 

ee SERVICE and SATISFACTION 7 

“YOURS TO SER” 
Relgian Congo tlachite 

I st G lf slabs 

White Df 

( and grees 

i! 15 

Many Other Superb Gem Slabs 

DAZZLING FLUORESCENTS 
t ‘ Bright red ar 

Wy Bri 
t« $2.5 

t é 

RRILEIANT CRYSTALS 

; ¢ others 

Write For Thes And Free Lists 

Box 
SUPERIOR MINERALS 

»48 St. George, Utah 

LRKRTRRRRRRARARAAAAD 

Send for Free Price List 

Sterling Silver Sheet and Wire Find- 
ings Tools Books Mineralights 

RX Machines Allen Lapidary 
Eouipment Prest-O-Lite Di-Met 
Saw Blades and Lapidary Supplies 

QOOOQOOOOPOOMOMOPONOPOPNNNOQYROWOMOWOPO?> ee 

in. Black 

PROSPECTORS Engineers 
” \ the 

CHICO PAN 
the pocket-size gold pan used 

or sampling and panning 
Chrome-Nickel Stainless Steel 

Sent Postpaid for $2.20 
Write: A. 0. BARTELI 

Mining Engineer 

321-D Platt Bldg 
Portland 5, Oregon 
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Another Step Forward For WARD'S! 

Your HEADQUARTERS For RADIOACTIVE 

Ores That May Become The Source Of 

Tomorrow's Power! 
Make Ward’s your idquarters for specimens of radioactive minerals for re- 

search, collections eld ymparison. Write today for free list of radioactive 

minerals containing the element iranium and thorium. Carnotite, uraninite 

pitchblends and many t ! idioactive minerals are on this 

A varie ty yf ty pe | Greige r Counters ire iva iple fo! é rospectol ina 

iboratory worker. Let Ward’s Scientific Instrument Department assist you i 

selecting the instrument est suited tor your requirements 

[)’ Natural Science Establishment, Inc. 

Serving The Natural Sciences Since 1862 

3000 RIDGE ROAD EAST bd ROCHESTER 9, NEW YORK 

i Use MINERALIGHT 
. . . for pleasure 
... for beauty 
... for research 
.. . for profit a 

MINERALIGHT literally adds another dimen- 

sion of untold beauty to mineral and gem col- 
lections enables the scientist to establis! 
nineral identities quickly and accurately by 
fluorescent color response materially aids 
prospectors and hobbyists in the field to iden- fl 

tify many minerals, such at Scheelite, Mer- t home, in the laboratory 

cury, Uranium, Zircon, at a glance 

SAVES TIME AND COSTLY ASSAYS 

And MINERALIGHT enable geologists to determine oil content of fresh 

cores and rota 1ud on sight? It, terally, has thousands of uses! 16 

MINERALIGHTS in 5 MODELS il0 Volt A.C. lamps for laboratory use, 
6 Volt battery lamps for field us¢ 

See your nearest MINERALIGHT dealer or write to: 

ULTRA-VIOLET PRODUCTS, INC. 
5205 Santa Monica Blvd. — Dept. ISD — Los Angeles 27, Calif. 
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National Distributor 

MICHIGAN LAPIDARY SUPPLY 
& RESEARCH CO. 

332 HAMILTON ST. BIRMINGHAM, MICH. | 

PRECISION BUILT "GEMLAP"™ caripary EquiPMENT 

MODEL 1-A GEMLAP 
Model 1-A Model B DeLuxe 

with * 
: Facet He: 

Grinder and Model B Facet Head t ad 

Polisher Constructed entirely of 

brass and bronze with 

A complete unit for monel metal standrod, 

grinding and polishing this precision built 
canvocnons Included 

with the GEMLAP 

Model 1-A are the fol- 
lowlng accessories 

facet head assures fast 

accurate cutting of 

faceted gem stones. 

Specifications: 

1. 64 die cut easy-to- 

read calibrations, 
with positive  posi- 

tions assured by in- 

closed gear and 

lock. 

2. Rotating head can 

1. Tapered Lap Plate, 
6 

2. Grinding Wheel, 6 

Sanding Whee 6” 

1, Felt Polishing Lap, 

6” be released for ac- 

© View Stine curate roughing-out 
gem stone 

6. Silicon Cart 3. Split collet chuck 
Abrasive grips metal dop se- 

7. Polishing Compound curely and accurately. 

3. Dopping Cement t. Index angle scale is die cut and 
head is locked at desired angle 

9. 3-Step die-cast pulley for motor by large bronze wing nut. 
10. 32” V Belt 3. Standrod has micrometer 

knurled screw for raising and 

11. Treatise and Manual on the lowering facet head from stop. 
Art of Gem Grinding 6. One machined brass dop fur- 

12. Assortment f rough Gem nished 
Stones 7. Slide cover wooden case. 

PRICE COMPLETE $37.50 PRICE COMPLETE $39.50 

ACCESSORIES 
Drum Sander, Aluminum, 6x3” $8.00 DOP SET: — 13 Assorted machined 

G. E. Motors, “% HP, 60 cycle $14.75 brass dops in variety of shapes and 
G. E. Motors, '; HP, 60 cycle $25.75 sizes. Mounted on wood base 

Complete Set $10.00 
8” GEMLAP TRIM SAW 

Will Be Ready for Distribution 

In November. 

TRIPLE “V”BLOCK: For mount- 
ing and transferring facet stones 

accurately from all directions $56.00 

I) finest precision built, double | Lucite Polishing Lap $4.20 
ballbearing Trim Saw ever offered | Tin (Solid) Polishing Lap $6.75 
at a moderate price It has every- Diamond Charged Lap $12.75 

thing. Write for particulars—NOW Gem Dop Wax, per stick $ .30 

YEALERS: There may be a dealer franchise open in your territory. 
DEALER Write or wire for information. Established Dealers Only. 



All books ted } iay be obtained by sending a check or money order 

to the BOOK SHEI THE EARTH SCIENCE DIGEST, REVERE, MASS 

We pay postage 

GENERAL GEOLOGY 

EARTH SCIENCES Bretz 1940 $ 2.75 

GEOLOGY Emmon Theil, Strauffe i n (1939 S$ 4.00 

GEOLOGY AND MAN ; Landes and Huss 1948) S$ 6.45 

INTRODUCTION TO GEOLOGY by Branson a I 941 $ 4.00 
OUTLINES OIF GEOLOG) by Lo ve K1 ert 

ind Du I S$ 5.00 

PHYSICAL GEOLOGY; Geomorphology, Structural Geology, 
Geophysics, ete. 

GEOLOGIC STRUCTI RES is and W 1934) $ 4.50 

GEOMORPHOLOGY Cot 1947) S$ 6.00 

GEOMORPHOLOGY Hir 1943) S$ 8.00 

GEOMORPHOLOGY I (1939) S$ 6.00 

GEOPHYSICAL EXPL ORATION He nd } $10.00 

OUTLINES OF PHYSICAL GEOLOGY ¥ Kr F lint 

(194] S$ 3.00 

PHYSICAL GEOLOGY Longwe Kn 1948 $ 5.00 

PHYSICAL GEOLOGY AND MAN | I le 48 S$ 6.00 

PRINCIPLES OF STR ( rt R. AL GEOLOGY e) 1942 $ 4.00 

SEISMOLOGY y | (19 $ 4.65 

STRENGTH AND STRI ( Tt RE OF THE EARTH ily 940 $ 5.00 

STRUCTURAL GEOLOGY Billings (1942 $ 6.35 

SUBMARINE GEOLOGY Ss ird (1948 S 6.00 

HISTORICAL GEOLOGY; Pale ner Stratigraphy, ete. 
FORAMINIFERA (1948) $10.00 

GLACIAL GEOLOGY A ND ‘THE PLEISTOCENE EPOCH Flint 

(1947) S 6.00 

HISTORICAL GEOLOGY Dunbar (1949) $ 5.00 

HISTORICAL GEOLOGY y Hussey (1947) $ 3.75 

INDEX FOSSILS OF NORTH AMERICA S S : 

(1944) $20.00 

INVERTEBRATE PALEONTOLOGY | ind §S k 

(1935 $ 0 

OUTLINES OF HISTORICAL GEOLOGY i Yunbar 

(1941) 23 

ECONOMIC GEOLOGY; MINING GEOLOGY: 
ENGINEERING GEOLOGY 

ECONOMIC GEOLOGY y Ries (1937) $ 5.50 

ECONOMIC MINERAL DEPOSITS by Bat: 2 $ 7.00 
ELEMENTARY ECONOMIC GEOLOGY R ) $ 4.00 

ELEMENTS OF ENGINEERING GEOLOGY Rie in Watson 

(1947) $ 5.50 

ENGINEERING GEOLOGY é ! Wats 1936 $ 6.00 



GEOLOGY AND ENGINEERING 
GEOLOGY OF PETROLEUM by 
GEOPHYSICA 

Chellson (1 

MINERALS IN MODERN INDU STRY 
943) 

by Legget (1939) 
Emmons (1931) ; 

L PROSPECTING FOR OIL by Nettleton (1940) . 

HANDBOOK FOR PROSPECTORS by 

MINERALS IN WORLD AFFAIRS by 
PRACTICAL OIL GEOLOGY by Hager 

PRINCIPALS 
(1946) 

PROSPECTIN 

by Gunther. 

THE STONE 

IGNEOUS MINERALS AND ROCKS by 

OF FIELD AND MINING 

G FOR GOLD AND SILVER by 
STRATEGIC MINERAL SUPPLIES by Roush 
STRATEGIC MINERALS by 
THE EXAMINATION OF PROSPECTS — 

Revised by Fleming 
THE PRINCIPLES OF ECONOMIC GEOLOGY by 

Von Bernewitz. Revised by 

by Voskuil 

Lovering ( 
(1938) 

DeMille (1947) 

(1932) 

INDUSTRIES by Bowles (1939) 
WORLD MINERALS AND WORLD POLITICS by Leith (1931) 

PETROLOGY; PETROGRAPHY; etc. 

( 1930) 

1943) 

GEOLOGY by Forrest er 

“Sav age (1934) 
(1939) 

A MINING GEOLOGY 

Emmons (1940) 

Wahlstrom (1947) 

IGNEOUS ROCKS AND THE DEPTHS OF THE EARTH by Daly 
(1933) 

METHODS OF STUDY OF SEDIMENTS by 
(1941) 

PETROGRAPHY AND PETROLOGY by 
PRINCIPLES OF SEDIMENTATION by 
ROCKS AND ROCK MINERALS by 
SEDIMENTARY ROCKS by 

MINERALOGY 
DANA’S SYSTEM OF MINERALOGY by 

1ents, Sulfides, Sulfosalts, 

DESCRIPTIVE LIST OF THE NEW MINERALS 

English (1939) 

Vol. 1—Elen 

ELEMENTS ( IF MINERALOGY b y Winchell 

Twenhofel and Tyler 

Grout (1932) 

Twenhofel 

1949) 

(1939) 

Pirsson and Knopf (1947) 
Pettijohn ( 

$ 
.$ 

3 

$§ 

. 

$ 

$ 

$ 
$ 

$ 
$ 

.§ 

$4 
$ 
$ ; 

wR 

Palache, Berman, and Frondel 

Oxides (1944) 

1892 - 1938 by 

(1942) 

ELEMENTS OF OPTICAL MINERALOGY by Winchell: 

Part 1—Principles and Methods 

Part 2—Desc ription of Minerals 

(1937 
(1933 

Part 3—Determinative Tables (1929) 

GETTING ACQUAINTED WITH MINERALS by English (1936) 
OF URANIUM MINERALS by HANDBOOK 

(1948) 

) 

) 

DeMent and Dake 

RRR BR 

K 

INTRODUCTION TO THE STUDY OF MINERALS by Rogers (1937) s 
MINERALOGY WITH TABLES MANUAL OF DETERMINATIVE 

by Lewis. Revised by Hawkins 
MANUAL OF MINERALOGY by Dana. 

(1931) 
Revised by Hurlbut (1941) 

MINERAL COLLECTOR’S HANDBOOK by Pearl 
MINERALOGY 

QUARTZ FAMILY MINERALS by 
TABLES FOR THE 

and Hunt (1930) 

TEXTBOOK OF MINERALOGY by 
THE BOOK OF MINERALS by 
X-RAY CRYSTALLOGRAPHY by 

GEMOLOGY 
GEM CUTTIN 
GEM STONE 

POPULAR GE 

G by Willems (1948 

by Kraus, Hunt, and Ramsdell 
MINERALS AND HOW TO STUDY THEM by Hurlbut (1949) 
OPTICAL CRYSTALLOGRAPHY by Wa 
OPTICAL MINERALOGY by Rogers and Kerr 

Dake, 

Dang 

Buerg 

) 

LORE by Poese (1948) 
GEMS AND GEM MATERIALS by 

MOLOGY by Pear! 
Krat 

(1948) 

REVISED LAPIDARY HANDBOOK by 
THE ART OF GEM CUTTING by Dake 

histrom (1943) 

(1936) 

(1942) 

(1947) 

‘wnvnnnnn” 
Fleener, and Wilson (1938) s 

1. Revised 

Hawkins (1935) 

er (1942) 

1S 

Howard 

and Pear! 

and Slawson (1941) 

(1947) 

DETERMINATION OF MINERALS by Kraus 

by Ford (1932) 

(1945) 

sae aaweonw 
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RFAARAHR 
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5.35 

4.50 

. $10.00 

3.50 
5.65 

3.75 
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3.75 
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3.25 

4.00 
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MINERAL ODDITIES 
There are a few outstanding oddities in minerals and we are pleased to 
offer them at very moderate prices. 

From Magnet Cove, Ark. comes a natural magnet! A variety of magnetite, 
this mineral is magnetically strong enough to pick up an amazing number 
of iron filings or small nails. 2", 50c; 2!/", 75c; 3", $1.00 and $1.25. 

From Taos Co., N. M., comes a clear mineral that shows double refraction! 
- When a specimen is placed over a paper on which a single line has been 

drawn, and is rotated, the line will change to a double line. The material 
we offer is not optical quality but the double refraction is plainly visible. 
1", 3 for $1.00; 2", 50c each. 

TRIBOLUMINESCENT SPHALERITE 
From Beaver Co., Utah comes a mineral that glows when scratches! When 
rubbed or scratched in the dark with any other object this variety of 

FLEXIBLE SANDSTONE 
From Stokes Co., N. C., comes a mineral that actually bends! Consists of 
fine grains of quartz sand that is loosely cemented together by nature. 
I'/_"x8", 75c; 2x10", $1.25; 2l/."x12", $2.00. 

LODESTONE 

ICELAND SPAR 

sphalerite will glow. 2", 50c; 3", $1.00. 

Postage and Insurance extra. Send enough to 

cover and any balance will be returned to you. 

COMING SOON 
An event that many collectors and museum curators look forward to 

year after year. 

EXHIBITION and SALE of FINE MINERAL SPECIMENS 

to be held in the 

LEXINGTON HOTEL 

Friday, April 15th, 1949 and Saturday, April 16th, 1949 

OUR EIGHTH ANNUAL 

NEW YORK CITY 

SCHORTMANN’S MINERALS 
10 McKINLEY AVENUE EASTHAMPTON, MASS. 


